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Mdqxdu| 5333
Devwudfw= Wkh sxusrvh ri wklv sdshu lv wr hvwdeolvk wkh htxlydohqfh ehwzhhq wkh
dqrq|prxv fruh dqg wkh vhw ri wkh Zdoudvldq htxloleulxp doorfdwlrqv lq dq dwrp0
ohvv h{fkdqjh hfrqrp|1 Wkh dqrq|prxv +ru/ v|qrq|prxvo|/ lqfhqwlyh0frpsdwleoh
ru hqy|0iuhh, fruh lv wkh vhw ri wkrvh frqvxpswlrq doorfdwlrqv wkdw duh dqrq|prxv
dqg fdqqrw eh eorfnhg e| dq| frdolwlrq yld dq doorfdwlrq vdwlvi|lqj wkh iroorzlqj
gxdo dqrq|plw| frqglwlrqv1 Iluvw/ hyhu| phpehu ri wkh frdolwlrq suhihuv prvw wkh
frqvxpswlrq exqgoh jlyhq wr klp dprqj wkrvh dulvlqj lq wkh eorfnlqj doorfdwlrq1
Vhfrqg/ dq| qrq0phpehu +d frqvxphu zkr grhv qrw ehorqj wr wkh frdolwlrq, grhv
qrw suhihu dq| frqvxpswlrq exqgoh dulvlqj lq wkh eorfnlqj doorfdwlrq wr wkh exqgoh
kh uhfhlyhv dw wkh eorfnhg doorfdwlrq1 Zh dovr glvfxvv lpsolfdwlrqv ri rxu htxly0
dohqfh wkhruhp rq wkh vhfrqg0ehvw lqvxudqfh sureohp dqg wkh uhodwlrqvkls zlwk
wkh olwhudwxuh rq wkh lqfhqwlyh0frpsdwleoh fruh xqghu dv|pphwulf lqirupdwlrq1
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W P| uvw ghew jrhv wr Dnlud \dpd}dnl1 P| lqwhuhvw lq wkh fruh wkhru| zlwk
lqirupdwlrqdo frqvwudlqwv durvh lq frqyhuvdwlrqv zlwk klp1 Kh nlqgo| srlqwhg
rxw wr ph lwv uhodwlrqvkls zlwk wkh edujdlqlqj vhw1 Wkh frqyhuvdwlrqv dqg fruuh0
vsrqghqfhv zlwk Vlprq Judqw/ Mxq Lulwdql/ Dwvxvkl Ndmll/ Hqulfr Plqhool/ Urklw
Udkl/ Nrml Vklprpxud/ dqg Olq ]krx zhuh doo yhu| khosixo1 Ilqdqfldo vxssruwv
iurp Hfrqrplf dqg Vrfldo Uhvhdufk Frxqflo ri wkh Xqlwhg Nlqjgrp lv judwhixoo|
dfnqrzohgjhg141 Lqwurgxfwlrq
Wkh sxusrvh ri wklv sdshu lv wr hvwdeolvk wkh htxlydohqfh ehwzhhq wkh dqrq|prxv
fruh dqg wkh vhw ri wkh Zdoudvldq htxloleulxp doorfdwlrqv lq dq dwrpohvv h{fkdqjh
hfrqrp|1 Wkh dqrq|prxv +ru/ v|qrq|prxvo|/ lqfhqwlyh0frpsdwleoh ru hqy|0iuhh,
fruh lv wkh vhw ri wkrvh frqvxpswlrq doorfdwlrqv wkdw duh dqrq|prxv dqg fdqqrw eh
eorfnhg e| dq| frdolwlrq yld dq doorfdwlrq vdwlvi|lqj wkh iroorzlqj gxdo dqrq|plw|
frqglwlrqv1 Iluvw/ hyhu| phpehu ri wkh frdolwlrq suhihuv prvw wkh frqvxpswlrq
exqgoh jlyhq wr klp dprqj wkrvh dulvlqj lq wkh eorfnlqj doorfdwlrq1 Vhfrqg/ dq|
qrq0phpehu +d frqvxphu zkr grhv qrw ehorqj wr wkh frdolwlrq, grhv qrw suhihu dq|
frqvxpswlrq exqgoh dulvlqj lq wkh eorfnlqj doorfdwlrq wr wkh exqgoh kh uhfhlyhv
dw wkh eorfnhg doorfdwlrq1
Vlqfh wklv qrwlrq ri d eorfnlqj doorfdwlrq lv pruh vwulqjhqw wkdq lq wkh vwdq0
gdug ghqlwlrq ri wkh fruh/ wkh dqrq|prxv fruh lqfoxghv wkh vwdqgdug fruh> dqg
khqfh wkh htxlydohqfh wkhruhp ri wklv sdshu lpsolhv wkh vwdqgdug fruh htxlydohqfh
wkhruhp1
Wkh surri phwkrg ri rxu htxlydohqfh wkhruhp uholhv pxfk rq wkdw ri wkh htxly0
dohqfh wkhruhp iru wkh edujdlqlqj vhw e| Pdv0Frohoo +4<;<,/ lq wkdw zh dovr pdnh
ixoo xvh ri klv Zdoudvldq eorfnlqj1 Wkh lqwhuhvwv lq wkh dqrq|prxv fruh dqg lq
wkh edujdlqlqj vhw/ krzhyhu/ duh txlwh glhuhqw1 Wkh iruphu vwhpv iurp wkh txhv0
wlrq ri zkhwkhu wkh suhvhqfh ri dv|pphwulf lqirupdwlrq lpshghv wkh srzhu ri wkh
Hgjhzruwk edujdlqlqj surfhvv wr eulqj derxw Zdoudvldq htxloleulxp doorfdwlrqv/
zkloh wkh odwwhu vwhpv iurp wkh txhvwlrq ri zkhwkhu wkh srvvlelolw| ri vxevhtxhqw
eorfnlqjv zhdnhqv wkh fuhglelolw| ri d eorfnlqj doorfdwlrq vr pxfk vr wkdw vrph
doorfdwlrqv rwkhu wkdq Zdoudvldq htxloleulxp doorfdwlrqv duh ohiw xqeorfnhg hyhq
lq dq dwrpohvv hfrqrp|1
Lqghhg/ diwhu suhvhqwlqj dqg surylqj rxu htxlydohqfh wkhruhp/ zh glvfxvv vrph
lpsolfdwlrqv wr d sureohp ri rswlpdo lqvxudqfh surylvlrq1 Zh wkhq vhh wkdw li wkh
vrfldo sodqqhu lv idfhg zlwk wkh wkuhdw ri frdolwlrqdo ghyldwlrqv/ wkhq kh fdqqrw
surylgh dq| lqvxudqfh dw doo1 Wr eh pruh vshflf/ wkh Zdoudvldq htxloleulxp
doorfdwlrqv dw wkh h{ srvw vwdjh +zkhq orvvhv kdyh douhdg| ehhq lqfxuuhg, duh wkh
rqo| lpsohphqwdeoh rqhv1 Wklv lv wuxh hyhq li hyhu| frdolwlrq lv vxemhfw wr wkh
vdph lqirupdwlrqdo frqvwudlqwv dv wkh sodqqhu1 Wklv pd| eh wuxh hyhq zkhq kh
frxog dwwdlq wkh uvw0ehvw doorfdwlrq zhuh kh wr qhhg wr eh frqfhuqhg rqo| zlwk
lqglylgxdo ghyldwlrqv1
Wkhuh lv dovr d jurzlqj olwhudwxuh rq wkh fruh zlwk dv|pphwulf lqirupdwlrq/
zklfk prgho wkh frqvxphuv* w|sh vsdfhv dqg phfkdqlvp pxfk pruh h{solflwo|1
5Zh vkdoo frpsduh rxu uhvxow zlwk wkhp lq wkh qdo vhfwlrq1
51 Wkh Prgho
5141 Dq Hfrqrp| dqg Zdoudvldq Doorfdwlrqv
Ohw u eh d srvlwlyh lqwhjhu1 Ohw S eh wkh vhw ri doo frpsohwh/ wudqvlwlyh/ frqwlqxrxv/
dqg vwurqjo| prqrwrqh suhihuhqfhv ghqhg rq wkh qrqqhjdwlyh ruwkdqw -u
n Wkh
vhw S lv hqgrzhg zlwk wkh forvhg frqyhujhqfh wrsrorj| lqgxfhg iurp wkh vhw ri
doo forvhg vxevhwv ri -u
n  -u
n1 Lw lv dovr hqgrzhg zlwk wkh Eruho j0hog lqgxfhg
iurp wklv wrsrorj|1 Dq hfrqrp| lv ghqhg wr frqvlvw ri dq dwrpohvv suredelolw|
phdvxuh vsdfh EcDc>cdq lqwhjudeoh pdsslqj e G  $ -u
nnc dqg d phdvxudeoh
pdsslqj G  $S Wkh vhw  lv wkh vhw ri +wkh qdphv ri, frqvxphuv/ D lv
wkh vhw ri frdolwlrqv/ > ghwhuplqhv d srsxodwlrq glvwulexwlrq ryhu c u lv wkh
qxpehu ri jrrgv/ -u
n lv wkh frqvxpswlrq vhw iru hyhu| frqvxphu/ eE@ 5 -u
n lv
wkh lqlwldo hqgrzphqw ri frqvxphu @c dqg  E@ 5Slv klv suhihuhqfh uhodwlrq rq
wkh frqvxpswlrq vhw1 Lq wkh uhvw ri wklv sdshu/ zh zulwh @ iru  E@ Iru hdfk






lqwhusuhwhg dv d uhvrxufh0ihdvleoh doorfdwlrq dprqj wkh frqvxphuv lq 1G h q r w h
e| 8E wkh vhw ri doo vxfk pdsslqjv1
Wkh iroorzlqj ghqlwlrqv ri d Zdoudvldq doorfdwlrq/ d eorfnlqj/ dqg wkh fruh
duh vwdqgdug1
Ghqlwlrq 5141 Ohw s 5 8E Zh vd| wkdw s lv Zdoudvldq li wkhuh h{lvwv d
R 5 -u
nn vxfk wkdw/ iru doprvw hyhu| @ 5 c li % 5 -u
n dqg R  %  R  eE@c wkhq
sE@ @ %
Ghqlwlrq 5151 Ohw s 5 8Ec5D /d q g}58 E   Zh vd| wkdw Ec} lv d
eorfnlqj wr s li }E@ @ sE@ iru doprvw hyhu| @ 5  dqg wkhuh h{lvwv d  5D
vxfk wkdw   c >E : fc dqg }E@ " E@sE@ iru doprvw hyhu| @ 5 
Ghqlwlrq 5161 Wkh fruh lv wkh vhw ri doo doorfdwlrqv lq 8E wr zklfk wkhuh lv
qr dqrq|prxv eorfnlqj1
Wkh fodvvlfdo fruh htxlydohqfh wkhruhp vwdwhv wkdw wkh fruh frlqflghv zlwk wkh
vhw ri doo Zdoudvldq doorfdwlrqv1
65151 Dqrq|prxv Doorfdwlrqv dqg Eorfnlqjv
Zh uvw jlyh wkh qrwlrq ri dqrq|plw| iru dq doorfdwlrq ghqhg ryhu wkh hqwluh vhw
 ri frqvxphuv1
Ghqlwlrq 5171 Zh vd| wkdw dq s 5 8 E lv dqrq|prxv l iw k h u hh { l v w vd5D
vxfk wkdw >E'dqg/ iru hyhu| @ 5  dqg K 5 c li eE@nE sE K e E K  5 -u
nc
wkhq sE@ @ eE@nE sE K e E K 
Wkh deryh ghqlwlrq ri lqfhqwlyh0frpsdwlelolw| uhihuv wr wkh qhw ghpdqgv
sE@  eE@ Wr eh pruh vshflf/ qrwh wkdw hdfk frqvxphu @ 5  uhfhlyhv wkh qhw
ghpdqg sE@eE@ +iurp/ vd|/ wkh pdunhwv ru wkh vrfldo sodqqhu, wr frqvxph sE@
Li kh suhwhqgv wr eh frqvxphu K 5 c wkhq kh uhfhlyhv wkh qhw ghpdqg sEKeEK/
zklfk lv wr eh dgghg wr klv lqlwldo hqgrzphqw eE@ Li eE@nE sE K e E K  * 5 -u
nc
wkhq frqvxphu @ fdqqrw vxuylyh zlwk wkh frqvxpswlrq dulvlqj iurp wklv suhwhqvh>
vr zh fdq lpdjlqh wkdw kh zrxog qrw fkrrvh wr suhwhqg wr eh frqvxphu K Li/
krzhyhu/ eE@nE sE K e E K  5 -u
nc wkhq kh fdq vxuylyh zlwk wklv frqvxpswlrq
yhfwru dqg/ lq rughu iru s wr eh dqrq|prxv/ zh uhtxluh eE@nE sE K e E K  wr eh
dw prvw dv jrrg dv sE@ uhodwlyh wr klv suhihuhqfh @  Qrwh wkdw hyhu| Zdoudvldq
doorfdwlrq lv dqrq|prxv1
Zh qh{w jlyh wkh ghqlwlrq ri dqrq|plw| iru d eorfnlqj1
Ghqlwlrq 5181 Ohw s 5 8E eh dqrq|prxv1 Zh vd| wkdw d eorfnlqj Ec} wr
s lv dqrq|prxv li wkhuh h{lvw d  5Ddqg d ( 5Dvxfk wkdw   c (  qc
>E'> E   c> E ( '> E  q   cdqg=
41 Iru hyhu| @ 5  dqg hyhu| K 5 (c li eE@nE } E K e E K  5 -u
nc wkhq
}E@ @ eE@nE }E K e E K 
51 Iru doprvw hyhu| @ 5 ( dqg hyhu| K 5 c li eE@nE }EKe EK  5 -u
nc wkhq
sE@ @ eE@nE }E K e E K 
Wkh wzr frqglwlrqv hperg| wkh lghd ri gxdo dqrq|plw| zkhq d eorfnlqj frdol0
wlrq  lv iruphg dqg wkh dvvrfldwhg doorfdwlrq } lv lpsohphqwhg lq ljqrudqfh ri
wkh lghqwlw| ri frqvxphuv1 Wkh uvw frqglwlrq lv wkh lqwhuqdo dqrq|plw| frqgl0
wlrq/ lq wkh vhqvh wkdw wkh doorfdwlrq } lv dqrq|prxv dprqj wkh phpehuv ri 1
Wkh vhfrqg frqglwlrq lv wkh dqrq|plw| ri wkh phpehuvkls ri wkh frdolwlrq 1L w
uhtxluhv wkdw qr frqvxphu rxwvlgh wkh frdolwlrq  eh deoh wr uhfhlyh d suhihudeoh
frqvxpswlrq yhfwru e| suhwhqglqj wr eh dq| phpehu ri wkh frdolwlrq1
Jlyhq wklv qrwlrq ri dq dqrq|prxv eorfnlqj/ wkh ghqlwlrq ri wkh dqrq|prxv
fruh lv vwudljkwiruzdug1
7Ghqlwlrq 5191 Wkh dqrq|prxv fruh lv wkh vhw ri doo dqrq|prxv doorfdwlrqv lq
8E wr zklfk wkhuh lv qr dqrq|prxv eorfnlqj1
Wkh dqrq|prxv fruh lqfoxghv wkh vwdqgdug fruh1
61 Wkh Uhvxow dqg lwv Surri
Wkhruhp 6141 Wkh dqrq|prxv fruh frlqflghv zlwk wkh vhw ri doo Zdoudvldq door0
fdwlrqv1
Doo Zdoudvldq doorfdwlrqv ehorqj wr wkh dqrq|prxv fruh ehfdxvh wkh| wrjhwkhu
frlqflghv zlwk wkh fruh1 Wkh gl!fxow| lq surylqj wkh wkhruhp wkhuhiruh olhv lq
hvwdeolvklqj wkdw li dq doorfdwlrq ehorqjv wr wkh dqrq|prxv fruh/ wkhq lw pxvw eh
Zdoudvldq1 Wklv dprxqwv wr qglqj dq dqrq|prxv eorfnlqj iru hdfk dqrq|prxv/
exw qrw Zdoudvldq/ doorfdwlrq1 Lw wxuqv rxw wkdw Pdv0Frohoo*v Zdoudvldq eorfn0
lqjv/ xvhg wr suryh klv htxlydohqfh wkhruhp iru wkh edujdlqlqj vhw/ gr wkh mre iru
wkh dqrq|prxv fruh dv zhoo1
Zh vwduw zlwk jlylqj d irupdo ghqlwlrq ri d Zdoudvldq eorfnlqj1
Ghqlwlrq 6151 Ohw s 5 8E dqg Ec} eh d eorfnlqj wr s Zh vd| wkdw Ec}
lv Zdoudvldq li wkhuh h{lvwv d R 5 -u
nn vxfk wkdw=
41 Iru doprvw hyhu| @ 5 c R}E@  R eE@ dqg li % 5 -u
n dqg R%  ReE@c
wkhq }E@ @ %
51 Iru doprvw hyhu| @ 5 q li % 5 -u
n dqg R  %  R  eE@c wkhq sE@ @ %
D Zdoudvldq eorfnlqj fdq eh frqvlghuhg dv d sulfh0lqgxfhg eorfnlqj1 Wkh
uvw frqglwlrq vwdwhv wkdw dq| phpehu @ ri wkh eorfnlqj frdolwlrq  fdqqrw jhw
zruvh r e| uhmhfwlqj wkh frqvxpswlrq yhfwru sE@ dw wkh eorfnhg doorfdwlrq s dqg
sduwlflsdwh lq pdunhw wudqvdfwlrqv xqghu wkh sulfh yhfwru R( dqg wkh frqvxpswlrq
yhfwru kh uhfhlyhv dw wkh eorfnlqj doorfdwlrq } lv d prvw suhihudeoh rqh lq klv exgjhw
vhw i% 5 -u





srvvleoh wr suryh wkdw wkh vhfrqg sduw ri wklv frqglwlrq dorqh/ wkdw lv/ li % 5 -u
n
dqg R%  ReE@c wkhq }E@ @ % iru doprvw hyhu| @ 5 c lpsolhv wkdw R}E@'R 
e E @  cwkdw lv/ wkh zhdn lqhtxdolw| ri wkh uvw sduw lv vdwlvhg zlwk htxdolw|1
Wkh vhfrqg frqglwlrq vwdwhv wkdw dq| qrq0phpehu @ 5 q fdqqrw jhw ehwwhu
r e| uhmhfwlqj wkh frqvxpswlrq yhfwru sE@ dw wkh eorfnhg doorfdwlrq s dqg
sduwlflsdwh lq pdunhw wudqvdfwlrqv xqghu wkh sulfh yhfwru R( dqg kh zrxog wkxv
fkrrvh wr uhwdlq wkh frqvxpswlrq yhfwru sE@ dw wkh eorfnhg doorfdwlrq s
8Wkh iroorzlqj ohppd e| Pdv0Frohoo lv wkh fuxfldo vwhs iru wkh htxlydohqfh
wkhruhp iru wkh edujdlqlqj vhw dv zhoo dv iru rxu dqrq|prxv fruh1
Ohppd 6161 Ohw s 5 8E dqg vxssrvh wkdw s lv qrw d Zdoudvldq doorfdwlrq/
wkhq wkhuh h{lvwv d Zdoudvldq eorfnlqj wr s
Lw lv zruwkzkloh wr uhfdoo wkdw wkh surri ri wkh deryh ohppd lqyroyhv d {hg0





vdwlvhg zlwk dq dssursuldwho| fkrvhq sulfh yhfwru R1 Jlyhq wklv ohppd/ Wkhruhp
614 iroorzv lpphgldwho| iurp wkh iroorzlqj ohppd1
Ohppd 6171 Ohw s 5 8E dqg vxssrvh wkdw s lv dqrq|prxv1 Li Ec} lv d
Zdoudvldq eorfnlqj wr sc wkhq lw lv dovr dqrq|prxv1
S u r r ir iO h p p d6 1 7 1 Ohw R 5 -u
nn eh d sulfh yhfwru dsshdulqj lq wkh
ghqlwlrq ri d Zdoudvldq eorfnlqj +Ghqlwlrq 615, wrjhwkhu zlwk Ec} Wkhq/
RE}EKeEK  f iru doprvw hyhu| K 5  dqg khqfh REeE@nE}EKeEK  ReE@
iru doprvw hyhu| @ 5  dv zhoo1 E| Frqglwlrq 4 ri Ghqlwlrq 615/ wkhuhiruh/ li @ 5 
dqg eE@nE }E K e E K  5 -u
nc wkhq }E@ @ }E@nE }E K e E K  Wklv vkrzv wkdw
Ec} vdwlvhv Frqglwlrq 4 ri Ghqlwlrq 5181 Rq wkh rwkhu kdqg/ li @ 5 q
dqg eE@nE } E K e E K  5 -u
nc wkhq Frqglwlrq 5 ri Ghqlwlrq 615 lpsolhv wkdw
sE@ @ eE@nE } E K e E K  Frqglwlrq 5 ri Ghqlwlrq 518 lv wkxv vdwlvhg e|
Ec} 
71 Lpsolfdwlrqv wr dq Rswlpdo Lqvxudqfh Sureohp
Lq wklv vhfwlrq/ zh gudz lpsolfdwlrqv ri rxu htxlydohqfh wkhruhp wr dq rswlpdo
lqvxudqfh surylvlrq e| wkh vrfldo sodqqhu zkr grhv qrw nqrz wkh frqvxphuv* lghq0
wlwlhv1 Wkh fhqwudo phvvdjh ri wklv vhfwlrq lv wkdw wkh wkuhdw ri frdolwlrqdo eorfn0
lqjv pdnhv lw lpsrvvleoh iru wkh vrfldo sodqqhu wr lqvxuh frqvxphuv djdlqvw wkhlu
l g l r v | q f u d w l fu l v n v /h y h ql iw k hf r d o l w l r q vd u hv x e m h f ww rw k hv d p hl q i r u p d w l r q d o
frqvwudlqw dv wkh vrfldo sodqqhu1
7141 Ghvfulswlrq ri wkh Lqvxudqfh Sureohp
Iluvw/ zh lpsrvh wkh iroorzlqj dvvxpswlrqv rq rxu dwrpohvv hfrqrp|1 Ohw  G
-u
n $ - eh frqwlqxrxv/ vwurqjo| prqrwrqh/ dqg vwulfwo| frqfdyh dqg dvvxph
wkdw @ lv uhsuhvhqwhg e|  iru hyhu| @ 5  Vr doo frqvxphuv kdyh wkh vdph
9suhihuhqfh1 Zh dovr dvvxph wkdw wkhuh lv d phdvxudeoh sduwlwlrq i￿cc aj
vxfk wkdw >E￿ : f iru hyhu|  5i  c caj dqg wkdw eE@'e E K iru hyhu|
 5i  ccajc@5 ￿cdqg K 5 ￿ Ghqrwh wklv lqlwldo hqgrzphqw yhfwru e| e￿
dqg zulwh >￿ ' >E￿/ wkhq wklv dvvxpswlrq phdqv wkdw d jurxs ri frqvxphuv
zlwk srsxodwlrq >￿ kdyh wkh frpprq lqlwldo hqgrzphqw yhfwru e￿
Wkhq/ zh lpdjlqh wkdw wkhuh lv d vwdjh wkdw lv qrw prghoohg lq/ dqg suhfhghv/
rxu prgho ri wkh dwrpohvv hfrqrp|1 Wkhuh lv qr frqvxpswlrq wdnlqj sodfh dw wklv
h{ dqwh vwdjh1 Wkh frqvxphuv nqrz wkdw wkhlu suhihuhqfh uhodwlrq zloo eh @ dw
wkh qh{w/ h{ srvw/ vwdjh/ exw wkh| gr qrw nqrz zkdw wkhlu lqlwldo hqgrzphqwv
zloo eh1 Wkh| krzhyhu nqrz wkdw wkh| zloo eh hqgrzhg zlwk e￿ zlwk suredelolw|
>￿ Wkh xqfhuwdlqw| idfhg zlwk d frqvxphu dw wkh h{ dqwh vwdjh lv wkxv zlwk
uhjdugv wr klv lqlwldo hqgrzphqwv> iru h{dpsoh/ li e￿ :e &cwkhq kh lv ulfkhu zkhq
kh lv ri w|sh  d q gz k h qk hl vr iw | s h& Dowkrxjk wkh suhihuhqfh uhodwlrq @ lv
ghwhuplqlvwlf/ wkh xqfhuwdlqw| lq lqlwldo hqgrzphqwv jlyhv ulvh wr wkh xqfhuwdlqw|
lq wkh suhihuhqfh ryhu wkh qhw ghpdqg/ zklfk zloo odwhu ehfrph uhohydqw iru wkh
dqrq|plw| frqvwudlqwv1
Zh dvvxph wkdw wkh vkrfnv wkdw ghwhuplqh lqglylgxdo frqvxphuv* lqlwldo hq0
grzphqw yhfwruv duh lglrv|qfudwlf1 Wkh zhoo0nqrzq whfkqlfdo sureohpv dvlgh/ wklv
dvvxpswlrq lpsolhv wkdw wkhuh lv dozd|v d jurxs ri frqvxphuv zlwk srsxodwlrq
>￿ zkr kdyh wkh frpprq lqlwldo hqgrzphqw e￿c uhjdugohvv ri uhdol}dwlrqv ri lq0
glylgxdo frqvxphuv* lglrv|qfudwlf ulvnv1 Khqfh wkh phdq +djjuhjdwh, hqgrzphqw
yhfwru ri wkh hfrqrp|/
Sa
￿’￿>￿e￿c dqg wkh Zdoudvldq htxloleulxp sulfh yhfwruv duh
ghwhuplqlvwlf1 Li d frqvxphu frqvxphv d frqvxpswlrq yhfwru %￿ 5 -u
n zkhqhyhu
klv lqlwldo hqgrzphqw yhfwru kdv wxuqhg rxw wr eh e￿c wkhq wkh h{shfwhg xwlolw|
wkdw kh kdv dw wkh h{ dqwh vwdjh lv htxdo wr
Sa
￿’￿>￿E%￿ Wkh vwulfw frqfdylw|
ri  uhsuhvhqwv wkh frqvxphuv*v ulvn dyhuvlrq/ dv zhoo dv klv suhihuhqfh ryhu wkh
yhfwruv ri u jrrgv1
Ilqdoo|/ zh fdq lqwurgxfh d vrfldo sodqqhu lq wklv wzr0vwdjh vhwwlqj1 Zh dv0
vxph wkdw wkh sodqqhu grhv qrw nqrz zklfk frqvxphu kdv zklfk lqlwldo hqgrzphqw
yhfwru/ dqg |hw glvwulexwhv wkh djjuhjdwh hqgrzphqw
Sa
￿’￿>￿e￿ vr wkdw hdfk frq0
vxphu zlwk hqgrzphqw e￿ uhfhlyhv d frqvxpswlrq yhfwru %￿ Vlqfh wkh uhdol}hg
lqlwldo hqgrzphqwv duh sulydwh lqirupdwlrq/ kh kdv wr lpsohphqw wkh doorfdwlrq
E%￿cc% alq wkh lqfhqwlyh frpsdwleoh/ ru/ htxlydohqwo|/ dqrq|prxv pdqqhu1 Klv
remhfwlyh lv wr pd{lpl}h hyhu| frqvxphu*v h{shfwhg xwlolw|
Sa
￿’￿>￿E%￿ dw wkh
h{ dqwh vwdjh xqghu wkh uhvrxufh dqg lqfhqwlyh frpsdwlelolw| frqvwudlqw1 Zh vkdoo
qrz wxuq wr glvfxvv zkdw nlqg ri qrwlrq ri lqfhqwlyh frpsdwlelolw| frqvwudlqw lv
prvw dssursuldwh1
:7151 Lqfhqwlyh Frpsdwlelolw| Frqglwlrqv dqg dq Dssolfdwlrq ri wkh Htxly0
dohqfh Wkhruhp
Lq rxu lqvxudqfh sureohp/ d w|slfdo lqfhqwlyh frpsdwlelolw| frqglwlrq iru wkh door0
fdwlrq E%￿cc% aczkhuh hyhu| frqvxphu zlwk wkh hqgrzphqw yhfwru e￿ uhfhlyhv
wkh frqvxpswlrq yhfwru %￿c zrxog eh wkh iroorzlqj=
Iru hyhu|  dqg &c li e￿ nE % & e &  5 - u
n c wkhq
E%￿  Ee￿ nE % &e &
Wkdw lv/ qr frqvxphu fdq hqmr| d suhihudeoh frqvxpswlrq e| suhwhqglqj wr
kdyh dq lqlwldo hqgrzphqw yhfwru glhuhqw iurp klv rzq1 Qrwh wkdw kh grhv qrw
qhhg wr frpplw klpvhoi wr uhfhlylqj dq| sduwlfxodu frqvxpswlrq exqgoh dw wkh
h{ dqwh vwdjh/ vr wkdw klv suhwhqfh fdq eh frqwlqjhqw rq wkh uhdol}hg hqgrzphqw
yhfwru1 Li zh uhqdph wkh frqvxphuv +dqg sxw vrph whfkqlfdo lvvxhv dvlgh djdlq,/
e| xvlqj wkh qrwdwlrq xs wr wkh suhylrxv vhfwlrq/ zh fdq irupxodwh wkh vrfldo
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iru doprvw hyhu| @ 5 c EsE@  EeE@(
wkhuh h{lvwv d  5Dvxfk wkdw >E'dqg/ iru hyhu| @ 5  dqg K 5 c
li eE@nE sE K e E K  5 -u
nc wkhq sE@ @ eE@nE sE K e E K 
+714,
Wkh uvw frqvwudlqw lv wkh vwdqgdug uhvrxufh frqvwudlqw1 Wkh vhfrqg rqh lv wkh lqgl0
ylgxdo udwlrqdolw| frqvwudlqw/ vd|lqj wkdw qr frqvxphu @ jhwv zruvh r e| fkrrvlqj
wkh frqvxpswlrq yhfwru sE@ ryhu klv rzq hqgrzphqw yhfwru eE@ W k hw k l u gr q hl v
wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw/ zklfk uhirupxodwhv wkh suhylrxv lqfhqwlyh
frpsdwlelolw| frqvwudlqw dqg frlqflghv zlwk rxu qrwlrq ri dqrq|plw| +Ghqlwlrq
517,1 Qrwh wkdw zh doorz iru wkh srvvlelolw| wkdw wzr glvwlqfw frqvxphuv zlwk wkh
vdph lqlwldo hqgrzphqw yhfwru +qdpho|/ lq wkh vdph ￿ duh jlyhq glhuhqw frq0
vxpswlrqv yhfwruv1 Wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw/ krzhyhu/ lpsolhv wkdw
EsE@ ' EsEK iru doprvw doo @ 5 ￿ dqg K 5 ￿
Lv wklv lqfhqwlyh frpsdwlelolw| frqglwlrq vx!flhqwo| vwurqj wr jxdudqwhh wkh
devhqfh ri sodxvleoh remhfwlrqv wr s iurp wkh frqvxphuv* vlghB Zh vkdoo dujxh
wkdw lw lv qrw1 Wklv fdq eh ehvw grqh e| phdqv ri dq h{dpsoh1
;H{dpsoh 7141 Ohw u '2 Ohw  eh wkh kdoi rshq xqlw lqwhuydo dfcdc D wr eh wkh
vhw ri Ohehvjxh phdvxudeoh vxevhwv ri dfcdc dqg > wr wkh Ohehvjxh phdvxuh1 Ohw
￿ 'd f c * dc 2'd  *  c2 * dc dqg ￿ 'd 2 *  cd Khqfh >￿ ' >2 ' >￿ ' 
Ghqh e G  $ - e|
eE@'E b c iru hyhu| @ 5 ￿c
eE@'E  cb iru hyhu| @ 5 2c
eE@'E 2 c2 iru hyhu| @ 5 ￿
Khqfh e￿ 'E b cce 2'E  cbc dqg e￿ 'E 2 c2
Wr ghqh wkh frpprq xwlolw| ixqfwlrq/ iru hdfk o:f czh uvw ohw o G -n $
- eh d frqwlqxrxv/ vwurqjo| prqrwrqh/ dqg vwulfwo| frqfdyh ixqfwlrq vxfk wkdw
oE|' | 3 oiru hyhu| |: *o1 Wkhq ghqh o G -2
n $ - e| oE%' oE % ￿ n
 oE % 2 czkhuh % 'E % ￿c% 25- 2
n
Zh uhtxluhg  oE|' | 3 orqo| iru |:o 3 ￿vr wkdw o fdq wdnh d qlwh ydoxh
dw | 'f Wkh h{lvwhqfh ri vxfk d o fdq eh hdvlo| hvwdeolvkhg1 Qrwh wkdw o
frqyhujhv wr wkh Ohrqwlhi xwlolw| ixqfwlrq "E%'4  ? i % ￿ c% 2j lq wkh iroorzlqj
vhqvh= li % 5 -2
nc+5- 2
ncdqg "E% : "E +  cwkhq wkhuh h{lvwv d o:fvxfk wkdw
oE% : oE + iru hyhu| o:o
Lq H{dpsoh 714/ wkh vrfldo sodqqhu fdq hyhq dwwdlq wkh uvw ehvw doorfdwlrq=
Sursrvlwlrq 7151 Vxssrvh wkdw o:flv vx!flhqwo| odujh1
41 Ghqh s G  $ -2
nn e| sE@'E e ce iru hyhu| @ 5 /w k h qslv wkh vroxwlrqv
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+715,
zlwk  ' o Pruhryhu/ s vdwlvhv wkh lqglylgxdo udwlrqdolw| dqg wkh lqfhqwlyh
frpsdwlelolw| frqvwudlqwv lq +714,1 Khqfh s lv wkh vroxwlrq wr +714, zlwk  ' o
51 Ohw  ' ￿ ^ 2 dqg ghqh } G  $ -2
n e|
}E@'E D c D iru hyhu| @ 5 ￿c
}E@'E D c D iru hyhu| @ 5 2c
wkhq Ec} lv d Zdoudvldq/ dqg khqfh dqrq|prxv/ eorfnlqj wr s
<61 Ghqh  G  $ -2
nn e|
E@'E D c D iru hyhu| @ 5 ￿c
E@'E D c D iru hyhu| @ 5 2c
E@'E 2 c 2 iru hyhu| @ 5 ￿
wkhq  lv d Zdoudvldq doorfdwlrq zlwk d sulfh yhfwru R 'E  c
S u r r ir iS u r s r v l w l r q7 1 5 1Lw iroorzv iurp wkh vwulfw frqfdylw| ri  wkdw s
lv wkh vroxwlrq wr wkh uvw0ehvw doorfdwlrq sureohp +715,1 Wr suryh wkdw s vdwlvhv
wkh lqglylgxdo udwlrqdolw| dqg wkh lqfhqwlyh frpsdwlelolw| frqvwudlqwv/ qrwh wkdw
sE@  eE@'E  D c  iru hyhu| @ 5 ￿c
sE@  eE@'E  c  D iru hyhu| @ 5 2c
sE@  eE@'E 2 c 2 iru hyhu| @ 5 ￿
Lw lv wkhq hdv| wr vkrz wkdw s vdwlvhv doo wkrvh frqvwudlqwv zlwk uhvshfw wr "
zlwk vwulfw lqhtxdolwlhv1 Khqfh lw grhv vr zlwk uhvshfw wr o zlwk hyhu| vx!flhqwo|
odujh o
51 Vlqfh
}E@  eE@'E  e c e iru hyhu| @ 5 ￿c
}E@  eE@'E e c  e iru hyhu| @ 5 2c
lw lv hdv| wr vkrz wkdw } lv d Zdoudvldq eorfnlqj zlwk d sulfh yhfwru R 'E  c
61 Wklv iroorzv iurp wkh ghqlwlrq ri o 
Sduw 4 ri Sursrvlwlrq 715 phdqv wkdw wkh uvw0ehvw/ frpsohwh0lqvxudqfh door0
fdwlrq fdq eh lpsohphqwhg e| wkh sodqqhu li/ ehvlghv wkh lqfhqwlyh frpsdwlelolw|
frqvwudlqw/ kh rqo| kdv wr eh frqfhuqhg zlwk lv lqglylgxdo ghyldwlrqv1 Li/ krzhyhu/
kh dovr kdv wr idfh zlwk frdolwlrqdo ghyldwlrqv/ wkhq kh fdq qr orqjhu dwwdlq wkh
uvw0ehvw doorfdwlrq s/ dv fodlphg e| Sduw 51 Wklv vkrxog eh wdnhq dv txlwh lq0
wxlwlyh1 Vlqfh wkh lqlwldo hqgrzphqw yhfwruv e￿ dqg e2 duh yhu| eldvhg ehwzhhq
wkh wzr jrrgv/ wkh frqvxphuv hqgrzhg zlwk e￿ dqg e2 qg lw ehqhfldo wr wudgh
ehwzhhq wkhp e| vxsso|lqj d odujh dprxqw ri rqh jrrg dqg ghpdqglqj wkh rwkhu1
Rqfh vxfk ehqhfldo wudghv duh srvvleoh/ wkh xwlolw| ohyho ri wkh frqvxphuv hqgrzhg
zlwk/ dqg frqvxplqj/ e￿ ehfrphv uhodwlyho| orz1 Wkh sodqqhu zrxog wkhq qg lw
g h v l u d e o hw rw u d q v i h uv r p hr iw k hj r r g vi u r pw k r v hz l w ke ￿dqg e2 wr wkrvh e￿
43Wkrvh zlwk e￿ fdqqrw gholyhu wkh odujh vxsso| uhtxluhg lq wkh qhw ghpdqg yhfwru
sE@eE@ iru @ 5 ￿^2 Wkrvh zlwk e￿ ru e2 gr qrw zlvk wr suhwhqg wr eh zlwk
e￿c ehfdxvh kh qhhgv d odujh dprxqw ri rqh ri wkh wzr jrrg wr lqfuhdvh xwlolw|1
Khqfh s lv lqfhqwlyh0frpsdwleoh1 Exw wkh frqvxphuv zlwk e￿ dqg e2 zrxog olnh wr
irup d frdolwlrq zlwkrxw lqyroylqj wkrvh zlwk e￿c vr wkdw wkh| fdq qrz frqvxph
wkh qhw ghpdqg E2c2 jlyhq wr e￿ Wkrvh zlwk e￿ fdq uhfhlyh wkh qhw ghpdqg
Eece dqg wkrvh zlwk e2 fdq uhfhlyh Eece Zkdw lv lpsruwdqw lv wkdw wklv fdq
eh lpsohphqwhg zlwkrxw lghqwli|lqj lqglylgxdo frqvxphuv* hqgrzphqwv1 Wklv fdq
eh vhhq e| wkh vdph dujxphqw dv iru wkh lqfhqwlyh0frpsdwlelolw| ri s
Pruh jhqhudoo|/ li hyhu| frdolwlrq lq D zhuh deoh wr eh iruphg zlwkrxw uhihuhqfh
wr wkh doorfdwlrq wr eh eorfnhg dqg lpsohphqw dq| uhvrxufh0ihdvleoh doorfdwlrq
dprqj lwv phpehuv dv hqylvdjhg lq wkh vwdqgdug qrwlrq ri d eorfnlqj +Ghqlwlrq
515,/ wkhq/ qrw vxusulvlqjo|/ wkh vwdqgdug fruh htxlydohqfh wkhruhp zrxog whoo xv
wkdw wkh rqo| lpsohphqwdeoh doorfdwlrqv duh wkh Zdoudvldq rqhv1 Wklv lv/ krzhyhu/
qrw d vljqlfdqw uhvxow lq rxu frqwh{w ehfdxvh hdfk frdolwlrq lv dvvxphg wr kdyh d
pxfk ehwwhu lqirupdwlrq wkdq wkh sodqqhu zkhq lw frphv wr vhohfwlqj phpehuv dqg
lpsohphqwlqj d eorfnlqj doorfdwlrq1 Lq rwkhu zrugv/ qr frdolwlrq lv idfhg zlwk wkh
lqfhqwlyh0frpsdwlelolw| frqvwudlqw lq wkh sodqqhu*v sureohp1 Wkh uhohydqw txhvwlrq
khuh lv zklfk doorfdwlrqv duh lpsohphqwdeoh dqg rswlpdo zkhq hyhu| frdolwlrq lv
vxemhfw wr wkh vdph lqirupdwlrqdo frqvwudlqwv dv wkh sodqqhu1
Rxu qrwlrq ri dq dqrq|prxv eorfnlqj +Ghqlwlrq 518, fdswxuhv wkhvh lqiru0
pdwlrqdo frqvwudlqwv1 Vlqfh dq| frdolwlrq +ru dq| phpehu ri dq| frdolwlrq, grhv
qrw nqrz dq| frqvxphuv* lqlwldo hqgrzphqwv/ lw fdq fkrrvh lwv phpehuv rqo| lq
wkh vhoi0vhohfwlqj pdqqhu +Frqglwlrq 5 ri Ghqlwlrq 518, dqg lpsohphqw dq doorfd0
wlrq wkdw lv dqrq|prxv dprqj lwv phpehuv +Frqglwlrq 4 ri Ghqlwlrq 518,1 Wkh





v1 w1 s 5 8Ec
wkhuh lv qr dqrq|prxv eorfnlqj wr s
+716,
Rxu htxlydohqfh wkhruhp +Wkhruhp 614, vwdwhv wkdw/ hyhq xqghu wkhvh lqirupd0
wlrqdo frqvwudlqwv/ wkh Zdoudvldq doorfdwlrqv duh vwloo wkh rqo| rqhv wkdw dgplw qr
frdolwlrqdo ghyldwlrq1 Jlyhq wkdw wkhuh duh w|slfdoo| rqo| qlwho| pdq| Zdoudvldq
doorfdwlrqv/ wkh wdvn ri qglqj d vroxwlrq wr wkh deryh sureohp erlov grzq wr
phuho| frpsdulqj wkh qlwho| pdq| ydoxhv ri wkh remhfwlyh ixqfwlrq
U
￿ EsE_>
iru glhuhqw Zdoudvldq doorfdwlrqv s Olnh wkh doorfdwlrq  lq Sduw 6 ri H{dpsoh
714/ d Zdoudvldq doorfdwlrq w|slfdoo| lqyroyhv lqhtxdolw| dprqj wkh xwlolw| ohyhov dw
44wkh h{ srvw vwdjh/ dqg khqfh udqgrpqhvv lq xwlolwlhv iurp wkh h{ dqwh ylhzsrlqw1
Zh fdq wkhuhiruh frqfoxgh iurp wklv h{huflvh wkdw wkh wkuhdw ri h{ srvw frdolwlrq
ghyldwlrqv holplqdwh lqvxudqfh rssruwxqlwlhv1
81 Uhodwlrqvkls zlwk wkh Fruh xqghu Dv|pphwulf Lqirupd0
wlrq
Wkhuh lv qrz d jurzlqj olwhudwxuh rq wkh fruh zlwk dv|pphwulf lqirupdwlrq1 Wkh|
lqyhvwljdwh zkdw nlqg ri doorfdwlrqv zloo ru zloo qrw vxuylyh eorfnlqjv zkhq frdol0
wlrqv pxvw eorfn yld doorfdwlrqv wkdw duh lqfhqwlyh frpsdwleoh dprqj wkh phpehuv1
Wkh xqghuo|lqj lghd lv wkdw wkh lqglylgxdo phpehuv* sulydwh lqirupdwlrq lv qrw
vkduhg zlwklq dq| frdolwlrq1 Wkh vhw ri wkrvh doorfdwlrqv wkdw vxuylyh vxfk eorfn0
l q j vl vw h u p h gd vw k h l q f h q w l y hf r p s d w l e o hf r u h 1 Z hk d y hr s w h gi r uw k h d q r q | 0
prxv fruh/ ehfdxvh zh kdyh qrw prghoohg wkh w|sh vsdfh ri lqglylgxdo frqvxphuv
dv rwkhuv glg1 Zh dovr qrwh wkdw wkh dqrq|plw| uhtxluhphqw iru wkh phpehuvkls
+Sduw 5 ri Ghqlwlrq 518, ri d frdolwlrq grhv qrw vhhp wr kdyh ehhq h{solflwo|
ghdow zlwk lq wkh olwhudwxuh1 Pdv0Frohoo +4<;</ Uhpdun ;, douhdg| srlqwhg rxw
wkh vljqlfdqw glhuhqfh ehwzhhq wklv dqrq|plw| uhtxluhphqw dqg wkh lqfhqwlyh
frpsdwlelolw| iru wkh eorfnlqj doorfdwlrq zlwklq wkh frdolwlrq1
Irujhv/ Khlihw}/ dqg Plqhool +4<<<, xvhg d frpshwlwlyh htxloleulxp frqfhsw ri
wkh w|sh ri Suhvfrww dqg Wrzqvhqg +4<;7d/e, dqg hvwdeolvkhg d olplw wkhruhp iru
wkh lqfhqwlyh frpsdwleoh fruh iru d uhsolfd vhtxhqfh ri hfrqrplhv zkhq wkh sulydwh
lqirupdwlrq lv ri lqghshqghqw/ sulydwh ydoxh1 Wkh qdwxuh ri sulydwh lqirupdwlrq
lq wklv sdshu lv ri wklv w|sh dv zhoo/ ehfdxvh lw rqo| uhyhdov hdfk frqvxphu*v rzq
hqgrzphqw dqg suhihuhqfh1 Wkhlu olplw wkhruhp/ krzhyhu/ lv frqfhuqhg zlwk dq
h{ dqwh frpshwlwlyh htxloleulxp/ zkhuh frqvxphuv fdq wudqvihu lqfrph dfurvv
glhuhqw vwdwhv fruuhvsrqglqj wr glhuhqw uhdol}dwlrqv ri xqfhuwdlqw|1 Wkhruhp 614
ri wklv sdshu/ rq wkh rwkhu kdqg/ hvwdeolvkhv wkh htxlydohqfh zlwk h{ srvw htxlole0
uld/ wkdw lv/ wkrvh htxloleuld zklfk fdq eh uhdfkhg zkhq frqvxphuv duh hqjdjhg lq
pdunhw wudqvdfwlrqv rqo| diwhu wkh| nqrz wkhlu rzq hqgrzphqwv dqg suhihuhqfhv1
Qrwh wkdw wkhuh lv qr qdqfldo wrro wkdw doorzv wkhp wr lqvxuh wkhpvhoyhv djdlqvw
dq| ulvnv1
Yrkud +4<<<, vkrzhg wkdw wkh lqfhqwlyh frpsdwleoh fruh/ dffruglqj wr klv
ghqlwlrq/ pd| eh hpsw| li wkh doorfdwlrq pxvw eh ghwhuplqlvwlf> odwhu Irujhv
dqg Plqhool +4<<<, vkrzhg wkdw doorzlqj udqgrp doorfdwlrqv pd| uhwulhyh qrq0
hpswlqhvv1 Yrkud dovr fodulhg wkh uhodwlrqvkls zlwk wkh suhfhglqj uhvxowv/ iru wkh
g h w d l o vr iz k l f kw k hu h d g h ul vu h i h u u h gw rk l vs d s h u 1\ h w /z hr x j k ww rq r w hw k d wr x u
45htxlydohqfh wkhruhp pd| qrw krog li zh uhsodfh wkh ghqlwlrq ri d eorfnlqj +Ghi0
lqlwlrq 515, e| d vwurqjhu uhtxluhphqw wkdw }E@ "@ sE@ iru doprvw hyhu| @ 5 
Wklv zdv douhdg| srlqwhg rxw e| Pdv0Frohoo +4<;<, iru wkh fdvh ri wkh edujdlqlqj
vhw1 Pruhryhu/ lq wkh lqvxudqfh prgho ri Vhfwlrq 7 ri wklv sdshu/ zkhq wkhuh duh
vrph frqvxphuv @ 5 ￿ lq d frdolwlrq  wkdw eorfnv dq doorfdwlrq s 5 8E yld
} 5 8E zkr duh lqglhuhqw ehwzhhq mrlqlqj wkh frdolwlrq dqg vwd|lqj rxwvlgh lw
+wkdw lv/ sE@ @ }E@/ lw lv txlwh srvvleoh wkdw rqo| d vxevhw ri ￿ lqghhg mrlqv
 Wklv fdq eh uhjdughg dv d udqgrpl}dwlrq lq doorfdwlrqv ehwzhhq sE@ dqg }E@
Khqfh rxu uhvxow dsshduv wr eh frqvlvwhqw zlwk Irujhv dqg Plqhool +4<<<,1
Uhihuhqfhv
^4` Irujhv/ Iudqfrlvh/ Dyldg Khlihw}/ dqg Hqulfr Plqhool/ 4<<</ Lqfhqwlyh frp0
sdwleoh fruh dqg frpshwlwlyh htxloleuld lq glhuhqwldo lqirupdwlrq hfrqrplhv/
Wkhpd Glvfxvvlrq Sdshu Vhulhv <<039/ Xqlyhuvlw| ri Sdulv [1
^5` Irujhv/ Iudqfrlvh/ dqg Hqulfr Plqhool/ 4<<</ D qrwh ri wkh lqfhqwlyh frpsdwleoh
fruh/ Wkhpd Glvfxvvlrq Sdshu Vhulhv <<035/ Xqlyhuvlw| ri Sdulv [1
^6` Pdv0Frohoo/ Dqguhx/ 4<;</ Dq htxlydohqfh wkhruhp iru d edujdlqlqj vhw/ Mrxu0
qdo ri Pdwkhpdwlfdo Hfrqrplfv/ 4;/ 45<046<1
^7` Suhvfrww/ Hgzdug/ dqg Urehuw Wrzqvhqg/ 4<;7d/ Sduhwr rswlpd dqg frpshw0
lwlyh htxloleuld zlwk dgyhuvh vhohfwlrq dqg prudo kd}dug/ Hfrqrphwulfd 85/
540781
^8` Suhvfrww/ Hgzdug/ dqg Urehuw Wrzqvhqg/ 4<;7e/ Jhqhudo frpshwlwyh dqdo|vlv
lq dq hfrqrp| zlwk sulydwh lqirupdwlrq/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 58/
40531
^9` Yrkud/ Udmly/ 4<<</ Lqfrpsohwh lqirupdwlrq/ lqfhqwlyh frpsdwlelolw|/ dqg wkh
fruh/ Mrxuqdo ri Hfrqrplf Wkhru| ;9/ 456047:1
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